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FicuRES 1-9. Spores and gametophytes of Phylloglossum drummondii. — 1. Spores. —2. Germinating spore: 
3. Two-celled gametophyte formed by oblique wall. Most of the distal cell and less of the proximal cell are m us 
spore coat.—4. Three-celled gametophyte with spore coat attached to distal cell. Arrow indicates the wall formed by 
second cell division of the gametophyte, which occurred in the proximal cell.—5. Three-celled gametophyte without 
spore coat. Note cytoplasm accumulated in base of distal cell. Small arrow indicates mucilage on surface of partially 
thickened wall of distal cell. Large arrow indicates cell wall formed by second cell division of gametophyte.—®- 
end of multicellular gametophyte. Arrow indicates mucilage secretion by thickened portion of the wall of distal cell.” 
7, Small multicellular gametophyte. Arrow indicates mucilage and thickened wall of distal cell.—8, 9. Young ae 
gametophytes with young rhizoids and attached spore coats. All scale bars = 30 pm. 


rows indicate new walls in Figs. 4, 5). The new Wall differentiation of the distal cell bp 
wall produced by this division initially is almost apparent at the 3-celled stage (Fig. 5)- The dist 


perpendicular to the original wall formed by the portion of this wall thickens (Figs- 5-7). Usually 
first division. The distal cell does not undergo any in association with the wall thickening, either œ 
more divisions (Figs. 6, 7). 


; ; ; ; A uci- 
it or adjacent to it, there is a secretion of m 
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Gametophytes of Phylloglossum drummondii.—10. Globular gametophytes.—11. Small ver- 


tically oriented cylindri ; 

growth, — 13. oe = gametophyte with young rhizoids. — 12. Gametophyte with globular base and apical cylindrical 

scale bar) that was patie Leh with bend. New apical growth parallel to surface of nutrient medium (near 

gametophyte taken fro, e vertically in the horizontal culture tube. New growth away from gravity.— 14. Cylindrical 
om reorientation experiment showing bending of gametophyte and new growth away from source 


of gravity. —15 
chlorophyll, — 16. 


ee photosynthetic gametophyte. Arrow indicates area at base of cylindrical portion without 
oung photosynthetic gametophyte. New tissue formed in light having a rough surface. Arrow 


indicates regi tay) 
gion at base of cylindrical portion without chlorophyll.—17, 18. Young photosynthetic gametophytes with 


orizontal orientati 


| . 
4ginous material ( 


mucilage), The 
pH 2.6 (0.1% 


o alcian blue in 3% acetic acid), which 


demonst 
strates that it c : ; 

ont : : 
‘saccharide, ains an acid mucopoly 


Figs. 5-7; small arrows indicate 
mucilage stains with alcian blue at 


on of the noncylindrical, new growth. All scale bars = 1 mm. 


The spore coat often remains attached to the 
distal cell until the gametophyte has attained a 
macroscopic size (Figs. 8, 9). It usually gets caught 
on the enlarging distal cell and deforms the surface 
of this cell. The deformity appears as a notch or 
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indentation in the wall where one edge of the spore 
coat is or was attached (Figs. 4—7). 

Derivatives of the proximal cell undergo addi- 
tional divisions to give rise to a small multicellular 
gametophyte (Fig. 7). The young gametophytes 
become globular with more divisions and cell growth 
(Figs. 8-10). At this stage rhizoids begin to develop. 

If the gametophytes continue to grow in the 
dark, they become variously sized globular ga- 
metophytes. However, they eventually develop into 
cylindrical gametophytes (Figs. 11, 12), which grow 
up and away from the surface of the nutrient 
medium. The diameter of the cylindrical gameto- 
phytes appears to be related to the size of the 
globular gametophyte from which they develop be- 
cause larger globular gametophytes give rise to 
thicker cylindrical gametophytes. The diameter of 
the globular gametophyte can be larger than the 
diameter of the cylindrical growth (Fig. 12). As 
long as the cylindrical gametophytes grow in the 
dark, they continue to grow vertically. The ga- 
metophytes tend to decrease in diameter as the 
apices get further from the nutrient medium. With 
some very long and narrow gametophytes the api- 
cal growth appears to be very slow or to stop. This 
appears related to the distances that carbohydrate 
has to move from the nutrient medium through 
the gametophytes to the apical growing points. 

The growth of all the cylindrical gametophytes 
vertically and away from the surface of the nutrient 
medium suggested a negatively gravitropic re- 
sponse. To test this, cultures with gametophytes 
growing vertically were laid on their sides (hori- 
zontally) and maintained in the dark for five months. 
The apices of these gametophytes responded to the 
positional change by bending at right angles and 
growing away from the source of gravity (Figs. 13, 
14). The gametophyte in Figure 13 was photo- 
graphed in the culture tube at the end of the 
experiment. The direction of the new growth was 
parallel to the surface of the nutrient medium which 
had a vertical orientation in the horizontal culture 
tube (Fig. 13). The gametophyte in Figure 14, 
which shows the same reorientation to gravity, was 
removed from the culture tube to be photographed. 
Gametophytes in the reorientation test changed 
their direction of growth and became cylindrical 
gametophytes with right angle bends. These ga- 
metophytes demonstrate that the cylindrical ga- 
metophytes growing in the dark are negatively 
gravitropic. 

Mature gametophytes of Phylloglossum are de- 
scribed as being green and photosynthetic (Thomas, 
1901). However, the gametophytes in axenic cul- 
ture maintain their white, cylindrical habit and do 


not produce gametangia in the dark. Cylindrical 
gametophytes were moved into the light to deter- 
mine whether photosynthetic gametophytes can be 
raised in culture and whether they will become 
sexually mature. 

The cylindrical gametophytes moved into the 
light become green (Figs. 15, 16). New growth 
from the apical region develops chlorophyll first, 
and this region is often darker green than older 
portions of the gametophyte. Chlorophyll devel- 
opment in the original cylindrical portions of these 
gametophytes is often slower. Sometimes the basal 
regions of these gametophytes never turn green 
(Figs. 15, 16; arrows indicate nongreen basal re- 
gion). 

New growth of the gametophytes in light is not 
cylindrical (Figs. 15-18) or vertical. A broader 
apical meristem replaces the conical apex of the 
cylindrical gametophyte. This broad apex forms a 
green, thickened gametophyte that grows more or 
less horizontally (i.e., perpendicular to the incident 
light). Besides the growth in length, the subapical 
regions of the green gametophyte widen and thick- 
en (Fig. 16). The thickest part is the median dorsal 
region, making these areas hemispherical in cross 
section. The surface of the new growth is rough 
compared to the smooth surface of the white cy- 
lindrical gametophytes. Although these gameto- 
phytes are about one and a half years old, they 
are still immature and do not bear gametangia. 
Even though the gametophytes grow slowly in axe- 
nic culture, at this time they exhibit a shift toward 
their mature morphology. 


DISCUSSION 


The best description of Phylloglossum ae 
tophytes is by Thomas (1901). He described the 
gametophytes as having a primary tubercle, an 
upright cylindrical shaft, and an irregularly shaped 
photosynthetic crown bearing gametang!a- 
youngest gametophyte he described had a poe 
tubercle and an upright cylindrical shaft; the pati 
had not developed. He noted that the length ir 
shaft varied on mature gametophytes and that ei 
shafts could be green near the crown; howev k 
the ends near and including the primary — d 
were without chlorophyll. These gametophytes in 
a mycorrhizal fungus that was best developed 
their lower portions. Finally, Thomas pact" A 
that Phylloglossum gametophytes “may beg!" As 
as a saprophyte dependent on an endophytic 
gus.” é 

This description of gametophyte developas E 
axenic culture is the first account of germina 


ae —— 
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TABLE 1, 


Character 


Basal mucilage duct in sporophyll 

Epidermal walls of sporangium 

Spore ornamentation 

Spore germination 

Nutrition of young gametophyte 

Position of mature gametophyte 

Nutrition of mature gametophyte 
Photosynthetic lobes on gametophyte 
Multicellular uniseriate hairs on gametophyte 
Embryo type 


and early gametophyte growth for Phylloglossum. 
Prior to this report, the youngest gametophytes 
described were those with a primary tubercle and 
cylindrical shaft (Thomas, 1901). Bertrand (1885), 
Sampson (1916b), and Holloway (1935) failed to 
germinate the spores of Phylloglossum. An earlier 
and very brief report by Crié (1883) reported the 
CERA of these spores but did not describe 
ee early stages of gametophyte development. He 
report mature, white, bulbous gametophytes 
that he considered to be similar to those of the 
Poloacsor, Because the gametophytes he de- 
as © not fit the descriptions of gametophytes 
i nature (Thomas, 1901; Sampson, 1916b; 
oway, 1935) or from axenic culture, we choose 

to disregard the Crié report. 
= peeks gametophyte of Phylloglossum 
arms a proximal and distal cell. The distal 
aneen rgoes no cell division. The most distal 
aal its cell wall thickens and secretes muci- 
eee tay the distal cell of these gameto- 
conc. similar to the proximal cell of young 
Fae she 8ametophytes, which has a mucilage- 
aes iP wall (Melan & Whittier, 1989). The 
toph ce of the young Phylloglossum game- 
yte with its thin wall remains meristematic. 
aa divisions of the proximal cell, the multi- 

gametophyte is formed. 

iiss ainan gametophyte forms early in the 
koaa ai of Phylloglossum gametophytes in 
Pips = n axenic culture it usually does not 
Nida ge before the initiation of the cylindrical 
er oe However, in some cases the globular 
=a a are larger than the diameter of the 
te growths that arise from them. In these 
Primary eave ee fit the description of a 
tie re and cylindrical shaft described by 
a 1). Gametophytes moved to illumi- 
tpl ©S appear to be initiating the game- 
crown as described by Thomas (1901). 


Nated 
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Character comparisons of Phylloglossum and subgenus Lepidotis of Lycopodium. 


Phylloglossum Lepidotis 
absent present 
sinuate lignified straight unlignified 
foveolate rugulate 

dark light 
mycorrhizal photosynthetic 
surficial surficial 
photosynthetic photosynthetic 
absent present 
absent absent 

large foot small foot 


Thus, morphological changes to the gametophytes 
in the light occur in both the soil and axenic culture. 

The development of these gametophytes in cul- 
ture is similar to that for gametophytes from na- 
ture. Growth of the gametophytes up through the 
soil to the light has to be simulated in culture by 
moving the gametophytes from the dark to the 
light. Also gametophytes in culture are dependent 
on sugar in the nutrient medium for their devel- 
opment and not on the mycorrhizal fungus nec- 
essary for gametophyte growth in nature. 

Observations on the growth and development of 
Phylloglossum gametophytes in axenic culture can 
help to explain how they grow in nature. Phyllo- 
glossum spores germinate only in the dark, and 
the white cylindrical stage of these gametophytes 
is negatively gravitropic. It would appear that the 
spores in nature germinate only after being covered 
by soil or percolating into the soil. The early de- 
velopment of the white gametophyte requires a 
mycorrhizal fungus for its organic nutrition. Be- 
cause the white cylindrical portion is negatively 
gravitropic, it grows up through the soil until it 
reaches the soil surface. Once the apex of the 
cylindrical gametophyte is exposed to the light, its 
developmental pattern changes and the photosyn- 
thetic, gametangia-bearing crown forms. Only at 
this stage is there any possibility for sexual repro- 
duction. 

The photosynthetic gametophytes and confusion 
about the tuber of Phylloglossum (Bower, 1886), 
led many to consider Phylloglossum as having 
affinities with Lycopodium cernuum or other mem- 
bers of subgenus Lepidotis. Also, Thomas (1901) 
described the embryo of Phylloglossum as being 
similar to that of L. cernuum. Although recognition 
that the tuber of Phylloglossum was not equivalent 
to the protocorm of L. cernuum (Sampson, 1916a; 
Osborn, 1919) has reduced the number of proposed 
similarities between Phylloglossum and subgenus 
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Lepidotis, Phylloglossum is generally considered 
to have affinities with subgenus Lepidotis (Hollo- 
way, 1935; Hackney, 1950; Bruce, 1976a). 

In an effort to examine more closely any possible 
similarities between Phylloglossum and subgenus 
Lepidotis, a list of sporophytic and gametophytic 
characters are presented in Table 1. The sporo- 
phytic characters, which are few, do not include 
those used to classify Phylloglossum in the Ly- 
copodiaceae or those altered by the reduced habit 
of Phylloglossum. Although a more exhaustive 
comparison awaits a complete description of the 
mature gametophyte of Phylloglossum, it appears 
that Phylloglossum and subgenus Lepidotis have 
few similarities (Table 1). The number of differ- 
ences between Phylloglossum and subgenus Lep- 
idotis suggests that a reexamination of past pro- 
posals of affinities between them is in order. 
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Index to Plant Chromosome Numbers 


Recently available from the Missouri Botanical Garden: Index to Plant Chromosome Numbers 
1988-1989, edited by Peter Goldblatt and Dale E. Johnson. Monograph in Systematic Botany from 
the Missouri Botanical Garden, Volume Number 40. 1991. 238 pages. $16, plus postage. 


The Index to Plant Chromosome Numbers is compiled by an international committee and 
collated and edited by Peter Goldblatt and Dale E. Johnson, Missouri Botanical Garden. It is indispensable 
to those engaged in a variety of botanical studies, ranging from systematics and evolution to plant 
breeding, forestry, and horticulture. Counts for all plant groups—algae, fungi, bryophytes, pteridophytes, 
and spermatophytes—are included and arranged alphabetically by family, genus, and species. Each 
count includes the name of the taxon as used in the original report, the number reported, and reference 
to the original report. References are contained in a bibliography that contains citations at the level of 
about 600 per year. 


IPCN is published as separate volumes in the series MONOGRAPHS IN SYSTEMATIC BOTANY FROM THE 
Missourt BOTANICAL GARDEN. 

The simplest way to order is to use a photocopy of the order form below. Please include information 
requested below, if you order on separate paper. Orders should be prepaid: a $1.00 fee will be added 
to orders requiring invoicing, and no shipments are made until payment is received. U.S. shipments 
add $2.00 for one book and $.75 for each additional book to cover postage and handling. Non-U.S. 
shipments: check or money order in U.S. funds, payable to Missouri Botanical Garden through a U.S. 
bank; add $3.00 for one book and $.75 for each additional book. 


IPCN 1975-1978. Vol. 5, 198). = 911-25 ___ copyties) of IPEN 1975-1978 @ $11.25 $_—_____ 
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